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S U M M A R Y
Neisseria meningitidis is a major public health concern worldwide, including China. A few cases of
serogroup W meningococcal disease have been reported in southeast China in recent years. Thus far,
invasive disease due to W isolates has involved sequence type 11. We report two cases of N. meningitidis
infection caused by CC4821 serogroup W strains.
 2014 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/3.0/).
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Neisseria meningitidis is a Gram-negative bacterium and an
important cause of serious invasive diseases, such as bacterial
meningitis and septicemia. This organism has at least 12 serogroups,
and a majority of cases of meningococcal disease are caused by
serogroups A, B, C, Y, and W. In the People’s Republic of China,
meningococcal disease has mainly been caused by serogroups A and
C. Beginning around 2003, a major hyperinvasive clone of serogroup
C N. meningitidis of a new clonal complex (CC4821) was reported in
Anhui Province and to date has been reported only from China.1
Several cases of serogroup W meningococcal disease have recently
been reported in southeast China, and all of these W isolates were
sequence type (ST) 11.2 We describe herein two cases of N.
meningitidis infection caused by CC4821 serogroup W strains in
Hebei Province, China. To our knowledge, CC4821 serogroup W N.
meningitidis infection has not been reported elsewhere.
2. Case report
Prior to 2013, only meningococcal disease of serogroups A, B,
and C was reported in Hebei Province, China. In 2013, two cases of* Corresponding author.
E-mail address: hbsunyq@hotmail.com (Y. Sun).
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license (http://creativecommons.org/licenses/by-nc-nd/3.0/).infection with serogroup W N. meningitidis were detected in Hebei
Province, one in Xingtai City and one in Handan City. The cases of
serogroup W N. meningitidis infection ﬁrst emerged in Hebei
Province. The ﬁrst patient was a 13-month-old girl who visited a
local hospital in January 2013. She presented with symptoms of
high fever (temperature 39 8C), vomiting, and neck stiffness. She
had no contact with any patient suspected of having an infection
before she became ill. The second patient was a 10-year-old girl
who was a student. The infection manifested suddenly with high
fever (temperature 40 8C) and symptoms of headache, neck
stiffness, and dizziness. She was admitted to a local hospital in
June 2013. She had not traveled outside Hebei province and had no
contact with any patient suspected of having an infection before
she became ill. These two patients were treated with antimicrobial
drugs and recovered fully. Close contacts of the two patients were
examined and no additional cases of N. meningitidis infection were
detected.
N. meningitidis infection was diagnosed on the basis of the
clinical symptoms and results of laboratory examinations. Serum
and cerebrospinal ﬂuid samples were collected to extract DNA. The
two samples from the patients were conﬁrmed to be positive for N.
meningitidis serogroup W by PCR and real-time PCR. Moreover, we
investigated the two samples using multilocus sequence typing
(MLST). The results indicated that pgm of the ﬁrst case sample was
a new allele with a new number, 704, and the allele numbers for
abcZ, adk, aroE, fumC, gdh, pdhC, and pgm were 222, 3, 4, 275, 30, 6,ciety for Infectious Diseases. This is an open access article under the CC BY-NC-ND
Figure 1. Minimum spanning tree analysis of 34 serogroup W Neisseria meningitidis
isolates and two clinical samples according to sequence type (ST). In the minimum
spanning tree, the STs are displayed as circles. The size of each circle indicates the
number of isolates within this particular type. Isolation years are represented by
different colors. The two patients are represented by the white circles. ST-4821 is
used as reference, represented by the gray circle. The colors of the halo surrounding
the STs denote types that belong to the same clonal complex. Two complexes
(CC4821 and CC175) are identiﬁed. The different loci distinct alleles of STs in
CC4821 are noted next to the lines.
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sequence type number, ST-10621. The allele numbers of the
second case sample for abcZ, adk, aroE, fumC, gdh, pdhC, and pgm
were 222, 3, 4, 275, 30, 6, and 3, respectively, and it was assigned a
new sequence type number, ST-10618. Both ST-10621 and ST-
10618 belong to CC4821 and have three loci different from ST-
4821 (222, 3, 58, 275, 30, 5, 255).
Surveys of N. meningitidis carriage were performed in Hebei
Province annually during 2008–2013. More than 2600 individuals
were examined each year, and 0.47–1.53% had positive results for
N. meningitidis carriage. During the last 3 years, the proportion of
carriers of serogroup W strains increased annually, by 13.33%,
19.56%, and 32.50%, respectively. A total of 34 persons carried
serogroup W strains, which were mostly isolated from Xingtai City
and Handan City. The two patients in our study also resided in
these two cities. MLST was used to characterize these W strains.
Except for three strains, all belonged to CC4821. The three strains
in 2012 belonged to CC175, which is usually associated with
serogroup W. Furthermore, 28 serogroup W strains belonged to ST-
8491, which is a double-locus variant (DLV) of ST-4821. The two
patient samples were single-locus variants (SLVs) of ST-8491
(Figure 1).
3. Discussion
At present, invasive disease caused by serogroup W N.
meningitidis is a serious public health concern worldwide. Cases
of meningococcal disease caused by serogroup W occurring after
the Hajj were also reported in the USA and in some countries in
North Africa, the Middle East, and Asia.3 Three cases of infection
with N. meningitidis serogroup W were reported in China during
2006–2008.2 Almost all of the cases of serogroup W meningococcal
disease were caused by strains belonging to ST-11. ST-11
serogroup W infection has been reported to cause invasive disease
in Africa, Asia, Latin America, and the Middle East.4 Cases with the
ST-11 serogroup W clone have been reported in southeast China
and detected in close contacts and healthy carriers.5
CC4821 is generally associated with serogroup C, and this clone
has been a dominant lineage circulating in China since 2003.1
Carriage and transmission of CC4821 serogroup W strains have led
to the expansion of this clone, thus causing endemic meningococ-
cal disease. Further epidemiological and microbiological surveil-
lance is needed to monitor meningococcal disease caused by
CC4821 serogroup W in China and to prevent the spread of this
clone to other regions.
Capsular switching through horizontal gene transfer is a
common natural phenomenon in N. meningitidis. It occurs both
in vitro and in vivo. The ability to switch capsular types may have
important implications for the impact of these vaccines. In China,
the state compulsory vaccination program includes the use of a
polysaccharide-based A + C vaccine, which was initiated and
replaced a polysaccharide-based A vaccine vaccination program
in 2005 in response to the increase in cases of serogroup C
meningococcal disease. The two cases of CC4821 serogroup W
meningococcal disease and a number of carriage CC4821
serogroup W isolates reported here may be the result of capsular
switching from serogroup C to W within CC4821, which isconsidered a ‘vaccine escape mutant’. By escape mutation,
meningococcus can avoid killing by anti-capsular antibodies
produced during the immune response. The serogroup W vaccine
has not been used widely in China, thus the emergence and spread
of serogroup W hyperinvasive lineages is an issue that should be
considered seriously.
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